Four hypocholesteremic compounds, SKF 330I-A, SKF 525-A, SKF 16467-A and AY 9944, inhibited the growth of SordariaJimicola; SKF 2314, SKF 7732-A3 and SKF 7997-A3 did not. All seven compounds inhibited the growth of Phytophthora cactorum. The inhibition of growth of S. Jimicola by SKF 3301-A and AY 9944 was annulled by certain unsaturated fatty acids but not by sterols; with P. cactorum the inhibition was annulled by oleic acid + cholesterol.
With Sordaria Jimicola sub-inhibitory concentrations of SKF 3301-A caused growth which showed two phases, distinguished by an abrupt change in growth rate. At the position of the hyphal front when growth rate changed a ring of perithecia was formed. During the second period, when growth was slower, perithecia were formed in rings: The number of perithecia formed could be at least twice that in the drug-free controls. With AY 9944 no perithecia were produced at concentrations sub-inhibitory to vegetative growth. On media with SKF 3301-A or AY 9944 and oleic acid, few perithecia were formed despite good vegetative growth; with SKF ~~o I -A , but not AY 9944, the addition of cholesterol as well increased perithecial production.
I N T R O D U C T I O N
Sterols have been shown to be required for sexual reproduction in the oomycetes (Hendrix, 1964; Haskins, Tulloch & Micetich, 1964; Elliott, Hendrie, Knights & Parker, 1964; Leal, Friend & Holliday, 1964) , and they are also required for the production of normal sporangia and zoospores (Chee & Turner, 1965; Hendrix, 1965) . Sterols do not appear to be essential for vegetative growth, which can take place in sterol-free medium, although these fungi appear not to synthesize them (Elliott et al. 1964; Hendrix, 1966; Schlosser & Gottlieb, 1966) . The role of sterols in their metabolism can thus be studied simply by adding the sterol to the medium.
The higher fungi, however, synthesize sterols, and it was thought that some indication of the function of sterols here might be obtained by the use of compounds which inhibit sterol synthesis (hypocholesteremic compounds). If sterols have a specific role in reproduction, these compounds would perhaps have different effects on vegetative and reproductive growth. The ascomycete Sordaria Jimicola was chosen for such an investigation. It is homothallic and forms perithecia readily but has no asexual spores; thus attention is more readily directed to effects on sexual stages. It was confirmed that this organism synthesizes sterols (B. A. Knights & C. G. Elliott, unpublished N-dimethylaminoethyl-ap-diphenyl valeramide hydrochloride (SKF I 6467-A) ; tris-(2-dimethylaminoethy1)-phosphate trihydrochloride (SKF 7732-A,) and its diethyl analogue (SKF 7997-A3) ; trans-I ,~-bis(2-chlorobenzylaminoethyl)cyclohexane dihydrochloride (AY 9944). The structure of these compounds is shown in Fig. I . Work on mammalian tissue has shown that SKF 525-A and SKF 3301-A act before the formation of squalene (Holmes & Bentz, 1960; Holmes & Di Tullio, 1962 Hypocholesteremic compounds and fungi 333 7732-A, and SKF 7997-A3 principally inhibit the conversion of lanosterol to zymosterol (Holmes & Di Tullio, 1962) . AY 9944 inhibits the saturation of the double bond at position 7 ; 7-dehydrocholesterol cannot be converted to cholesterol (Chappel et al. 1964; Horlick, 1966) . It has also been shown that SKF 7997-A3 inhibits sterol synthesis in the flowering plant Xanthium pensylvanicum (Bonner, Heftmann & Zeevaart, 1963) . The hypocholesteremic compounds were dissolved in sterile water; SKF 23 I 4 was dissolved in 0.1 M-NaOH. Sterols and fatty acids were dissolved in diethyl ether. These substances were added to the medium after it was autoclaved and while still hot.
METHODS

Fungi
Both fungi were grown at 24" in the dark in 9 cm. diameter Petri dishes containing 16 ml. medium. The inoculum was a disc 5 mm. diameter cut from mycelium growing on drug-free medium. Growth was usually measured as colony diameter; in some experiments the weight of mycelium was also determined by melting down the agar cultures in an autoclave, rinsing the mycelium in hot water and drying (Timnick, Lilly & Barnett, 1951) . Perithecia were counted in two opposite sectors (occasionally four) of about 23 angular degrees in each Petri dish.
RESULTS
Observations on Sordaria jimicola
Compound SKF3301-A. When an inoculum disc cut from growth on drug-free medium was placed on medium containing SKF ~~o I -A , the hyphae after the initial lag phase grew at a constant rate for some 40 hr (Fig. 2) , during which period the growth rate was related to drug concentration, but then the growth rate rather abruptly changed and growth continued at a constant but much slower rate (Fig. 2) .
(A slight change in growth rate occurred also in the controls at about the same time in many experiments.)
Perithecia were mature in the controls in 7 days and were more or less evenly distributed over most of the Petri dish (PI. I, fig. I ). At 7 days, the colonies on media with SKF 3301-A 20 mg./l. or more did not fill the Petri dish, but at this time they bore perithecia densely crowded in a ring towards the outer part of the colony. With further incubation more perithecia were formed during the continued slow growth,
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C. G . ELLIOTT and these perithecia were distributed in definite rings. At 20 mg./l. the innermost ring was sharply defined, those beyolnd less so (Pl. I, fig. 2 ), but the rings became more sharply defined with increasing concentration of the drug up to 50 mg./l. (Pl. I, fig. 5 ). The distance between successive rings corresponded to about 3 days growth. The innermost ring was formed at the position of the hyphal front at the time of abrupt change in growth rate. The perithecia were so densely crowded in the innermost ring that even at 7 days the greatest numbers of perithecia per Petri dish were found not in the controls but in media with SKF 3301-A 20 mg./l. (Table I) . With continued perithecial production during the slow growth on drug-containing media, the numbers of perithecia continued to increase, as shown in Table I . At high concentrations of SKF 3301-A (e.g. 70 mg./l.) very few perithecia were formed, but the fungus produced a considerable amount of brown pigment. No growth from the inoculum disc occurred at SKF 3301-A 120 mg,/l. Compound SKF 525-A. The growth curves of Sordaria Jimicola on media with various concentrations of this compound resembled those of Fig. 2 , but the change of growth rate after the initial more rapid phase was not so marked. The effect of concentration of the compound on the initial growth rate is shown in Fig. 3 . Growth rate did not fall off continuously with increasing concentration. The break in the curve (Fig. 3) corresponded to a change in the appearance of the margin of the colony. At 40 mg./l. and above the main hypihae continued to elongate for a considerable time, but the growth became progessively more and more diffuse, the hyphae being sparsely branched and widely spaced. At 30 and 20 mg./l., the edge of the colony was much more definite.
At 50 mg./l. only very small peril.hecia1 primordia were seen, and they were few and well scattered. At 40 mg./l. the perithecia were more numerous, but they reached a maximum diameter of in most dishes of about 150 , u (normal size in the controls 300 to 350 ,u) and ostioles were not developed. (Some mature perithecia were, however, found in a few of the dishes in each experiment.) The perithecia and primordia occurred in more or less definite rings, but the rings were less clearly defined than with SKF 3301-A. At 30 and 20 mg./l. numerous perithecia matured; there were also many smaller immature perithecia which reached a later stage of development than the abortive perithecial initials in the controls. The number of mature perithecia at these concentrations was also greater than in the controls.
Compound SKF 16467-A. The inhibitory concentrations of this compound were Hypocholesteremic compounds and fungi 335 considerably higher than with SKF 3301-A and 525-A, as shown in Fig. 3 . As with 3301-A~ there was an abrupt change in growth rate with subinhibitory concentrations (e.g. 75 mg./l.) when the mycelium had covered about half the Petri dish, and perithecia were produced in a definite ring. Beyond this ring perithecia were scattered, rather than in definite rings. At IOO mg./l. and higher concentrations the number of perithecia was decreased though some were found even at 200 mg./l., but a great many tiny perithecial initials were produced, especially in the region corresponding to the definite ring of perithecia formed at lower concentrations.
Compounds SKF 2314, SKF 77~2-A~ and SKF 7997-A3: These compounds had little effect, growth rate being reduced by only 30 yo at a concentration of SKF 2314 of 320 mg./1. (Fig. 3) , and by less than this with ~7 3 2 -A~ and 7993-As. There were no effects on perithecial production at this concentration with any of the three.
Compound A Y 9944. At concentration3 of this compound above 10 mg./l. a curious puffing of the margin of the colony took place when growth rate was slowing down fig. 6 ). Sometimes a single hypha extended for some distance through the medium and then produced a dense mass of much branched mycelium. The effects on perithecial production were strikingly different from SKF 3301-A etc., in that at concentrations of the drug which partially inhibited vegetative growth there was no increase in the numbers of perithecia produced. Indeed, perithecia were very few at any concentrations where the mycelium did not rapidly fill the Petri dish; e.g. at AY 9944 25 mg./l. the initial growth rate was reduced by 20 % but no perithecia were formed (PI. I, fig. 6 ). In such colonies the central part was darkly pigmented, though the edge was often pale. Tables 2 and 3 , cholesterol was ineffective in annulling the effects of compounds SKF 3301-A and AY 9944 on hyphal growth rate, but oleic acid (cis-octadec-9-enoic acid) was highly effective. Linoleic acid (octadec-9, I 2-dienoic acid) was rather toxic, but when allowance was made for its toxicity it was evident that it could also annul the effects of both compounds. Methyl lineolate and elaidic acid (trans-octadec-9-enoic acid) were less effective. Elaidic acid appeared to be about half as effective as oleic acid (compare Kodicek & Worden, 1946) . Stearic acid (octadecanoic acid) was ineffective. Ergosterol was also ineffective. These results are based on measurements of colony diameter over periods of up to 24 hr during the initial phase of Hypocholesteremic compounds and fungi 337 more rapid growth. Provided an adequate amount of unsaturated fatty acid was supplied, growth in drug+media continued uninterruptedly to the edge of the dish. The effects of oleic acid and cholesterol on perithecial production in media-containing hypocholesteremic compounds were studied; but first, the effects of oleic acid and cholesterol alone must be mentioned. In media to which only oleic acid was added the surface hyphae had a curious waviness (Pl. I, fig. 7 ). There were cushion-like aggregates of hyphae, darkly pigmented, and raised above the surface of the agar, and these sometimes bore numerous perithecia; but in the main the surface of the culture was bare of perithecia, these being numerous only at the extreme edge of the dish against the glass. The effect of cholesterol alone was slight, but its addition to media with SKF 3301-A 30 or 35 mg./l. (no oleic acid) made the zonation of perithecia less pronounced ; also perithecial production was somewhat accelerated in the presence of cholesterol, the perithecia being formed outside the first ring before there were any outside it in the medium without cholesterol. Results for oleic acid and cholesterol with SKF 3301-A are shown in Table 4 . The addition of oleic acid alone to media with SKF 3301-A resulted in few perithecia (Pl. I , fig. 8 ); the number was increased if cholesterol was added (Pl. I , fig. g ), the increase being significant as shown by the second-order interaction in Table 4 .
The results with compound AY 9944 were however different. In six experiments there was either no increase in the nu.mbers of perithecia with the addition of cholesterol to the medium with AY 9944 and oleic acid (Table 5) , or an increase which was comparable with that observed in the controls without AY 9944. The second-order interactions, which were significant in the SKF 3301-A experiments, were not significant. In Table 5 there is a significant main effect of cholesterol, but this is due to the decrease in the numbers of perithecia in the treatments with cholesterol.
Observations on Phytophthora cactorum
Compounds SKF 2314, 525-A, 3301-A, 16467-A, and AY 9944 all inhibited the growth of Phytophthora cactorum, the effective concentrations being less than for Sordariajimicola (Fig. 4; cf. Fig. 3) . SKF 7732-A3 and 7997-A3 were also inhibitory at low concentrations, but adaptation to them occurred, as shown in Fig. 5 . When Hypocholesteremic compounds and fungi 339 mycelium growing on SKF 7997-A3 was transferred to fresh drug-containing medium (4 mm. disc inoculum cut from the hyphal front), it did not immediately grow, but did so after a lag period similar to that observed in the first place. The lag period was the same on both freshly made medium and medium kept at 24" for 14 days. The effectiveness of oleic acid and cholesterol in annulling the inhibition of growth due to compounds SKF 3301-A and AY 9944 has been examined (Table 6 ). In the absence of drug, the effect of oleic acid alone was to give extremely rapid growth of the hyphae, but the colony was much less dense than on basal medium. Addition of cholesterol with the oleic acid increased colony density. On media with SKF 3301-A or AY 9944 and oleic acid, hyphae grew out from the inoculum, but the growth was exceedingly sparse. However, the addition of cholesterol as well restored the appearance of the colony virtually to normal. Cholesterol by itself seemed to have some effect except at the higher concentration of SKF 3301-A. In the treatments marked with an asterisk in Table 6 there was much variation from dish to dish, in some cases growth hardly starting from the inoculum while in others a large very dense growth occurred. The fact that cholesterol had to be added with the oleic acid to annul the effects of the inhibitors might be attributed to a need to detoxify the oleic acid. Unsaturated fatty acids are toxic to lactobacilli, but this toxicity can be annulled by a number of compounds, notably sterols (Kodicek, 1949) and Tween 40 (Williams, Broquist & Snell, 1947) . Hendrix, Norman & Apple (1966) considered oleic acid to be toxic to 340 C . G . ELLIOTT Phytophthora, but found the toxicity could be annulled by cholesterol and tocopherol. Tween 40 did not appear to be an effective replacement for cholesterol in my experiments. (Fig. I) . All three compounds inhibited the growth of Sordariajmicola, but their effects were characteristic. SKF 3301-A was erective at lower concentrations than 16467-A, but with both a marked change of growth rate occurred when the mycelium had grown part of the way across the Petri dish. Only SKF 3301-A produced the marked zonation of perithecia during the latter period of slower growth; with SKF 16467-A there were many more abortive perithecia. Abortive perithecia were also numerous with SKF 525-A, and this compound produced marked thinning of the edge of the colony. Neither of the compounds SKF 23 I 4, which has only the (c6H5)2(c3H7)-group, nor SKF 7997-A3, which has only --(CH2),N(C2H5),, was inhibitory. All these compounds were inhibitory to Phytophthora cactorum, the toxic concentrations being lower than for S. Jimicola. The effects of these compounds on several bacteria and fungi were described by Aaronson & Fulco (1968) and on the ciliate Ochromonas danica by Aaronson (1966) .
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The inhibition of vegetative growth of Sordaria$micola by the compounds SKF 3301-A and AY 9944 was annulled by unsaturated fatty acids but not by sterols. It is possible that the sterols, being present as crystals dispersed through the agar, could not be taken up by this fungus, although sterols so presented to Phytophthora cactorum are effective. Nevertheless, while the effects of two other compounds which inhibit sterol synthesis, triparanol and benzmalecene, on growth of various ciliates and flagellates could be annulled by both sterols and unsaturated fatty acids (Aaronson, Bensky, Shrifrine & Baker, 1962; Holz, Erwin, Rosenbaum & Aaronson, 1962) , the delay in division induced by triparanol in synchronous cultures of Tetrahymena pyriformis could be prevented by oleic acid and not by sterols (Holz et al. 1962) . Again, oleic acid but not sterols annulled the effect of SKF 525-A and 3301-A on Ochromonas danica (Aaronson, 1966) . Aaronson (1964 Aaronson ( , 1965 found that the effects of triparanol and benzmalecene on several micro-organisms were more effectively annulled by oleic acid than by ergosterol or squalene (though not in all cases; Aaronson & FUICO, 1968) ; saturated acids were ineffective. These and my results are difficult to explain unless the compounds inhibit processes other than sterol synthesis. The fact that growth of Phytophthora cactorum is inhibited by hypocholesteremic compounds is significant, as Phytophthora appears not to synthesize sterols. Compound SKF 525-A is in fact known to affect other processes in mammalian systems; the hydrolysis of procaine, for example, is inhibited competitively, and demethylation of o-anisole non-competitively (Netter, 1962) .
Although the addition of oleic acid to medium with compounds SKF 3301-A or AY 9944 resulted in vigorous hyphal growth of Sordaria, it did not lead to normal reproductive competence. Perithecia were few and irregularly distributed, and the mycelium developed much brown pigment. It would appear that oleic acid repairs the lesions induced in processes essential for vegetative growth more effectively than in those required for reproduction. It may be significant that the addition of cholesterol to media with intermediate amounts of SKF 3301-A (30 to 35 mg./l.) speeded up perithecium formation and decreased the definition of zonation, but the effect was slight. More definitely, the addition of cholesterol to media with oleic acid and SKF 3301-A improved reproductive competence. This was not observed with AY 9944, but the latter compound was manifestly different in its action from the SKF compounds; particularly, it did not lead to an increase in perithecial production when present in the medium at concentrations sub-inhibitory to vegetative growth. That sterols are involved in the effects of SKF 3301-A and similar compounds on reproductive phases was strikingly shown by the work of Nelson, Huisingh & Webster (1967) with the heterothallic ascomycete Cochliobolus carbonum. They applied SKF 330 I -A to partly grown cultures at various times after mating, and found that perithecial development was inhibited; this inhibition was annulled by the addition of various sterols.
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